Radiolabeled tracer [3H] very low density lipoprotein (VLDL)-triglyceride (TG) and non-tracer (Triton WR 1339) methods were used to determine VLDL-TG kinetics in normal rats and in rats given either a 10% glucose or a 10% fructose drinking solution for 16h ad libitum. The carbohydrate-fed rats were hypertriglyceridemic com pared to control animals. VLDL-TG was endogenously prelabeled with [3H] glycerol in control, glucose and fructose-fed rats, and injected into identically treated recipients. Triton WR 1339, a potent inhibitor of VLDL-TG catabolism, was injected into the same animal 30 min after the end of the tracer method to measure TG secretion rate (TGSR). The tracer and non-tracer methods showed that fructose-fed rats had a sig nificantly lower fractional catabolic rate (FCR) than either control or glucose-fed rats. In contrast, glucose-fed rats had a TGSR greater than control without a reduction in FCR. For all treatments, TG concentra tion correlated with FCR for the tracer method and with TGSR for the non-tracer method. There was good correlation of TGSR determined by the tracer and non-tracer method for control rats despite the substantial difference in the absolute values. No such relationship was observed in carbohydrate-fed rats. Control rats were made hypertriglyceridemic by Intralipid infusion. A lower FCR was observed when determined by the tracer method, but this was not observed by the triton method. These results suggest that TG kinetics determined by the tracer and the triton methods cannot be readily correlated, especially in hypertriglyceridemic state. However, the two kinetic studies both suggested that overproduc tion of VLDL-TG in glucose-fed rats and impaired VLDL-TG catabo lism in fructose-fed rats were the primary cause for their hypertriglycer idemic, respectively.
Summary
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Secretion rate of very low density lipoprotein (VLDL)-triglyceride (TG) is most frequently determined by one of two techniques in experimental animals in vivo. The first involves the use of Triton WR 1339, which prevents hydrolysis of VLDL-TG by lipoprotein lipase and therefore removal of the lipid per se (1) (2) (3) . The rate at which TG accumulates within the plasma compartment post Triton WR 1339 administration is then taken to represent the rate of TG entry into the circulation (1-3). TG secretion rate (TGSR) in vivo may also be determined by injecting radiolabeled VLDL-TG, or a precursor of TG such as glycerol , and determining the turnover rate of VLDL-TG under steady-state conditions (4-6) . There have been several reports (7) (8) (9) , including work from our laboratory (10) , that have indicated that calculated TGSR may differ substantially depending on which method is employed. Few studies have examined the relationship of TGSR derived by the tracer or the triton methods . Bird et al. (6) reported good agreement of TGSR when determined by the triton method and by monitoring the TG specific activity after a radiolabeled glycerol injection , Conversely, Kannan et al. (9) found that TGSR determined by the injection of endogenous radiolabeled VLDL-TG was considerably higher than the rate determined by the Triton WR 1339 method (8) . In addition, qualitative discrepancies arose between treatments as a result of two techniques (6, 8, 9) . Kazumi et al. (11) demonstrated that rats given a 10% fructose drinking solution for 14 days had a higher TGSR than control rats . However, in a continuation of that study we reported (10) that TGSR in fructose fed rats measured using [3H] VLDL-TG did not differ from controls even though the treatment groups were identical to that of Kazumi et al . (11) . The contra dictory data led us to examine the relationship between the tracer and non-tracer methods of estimating TGSR. To investigate characteristics of two TG kinetic studies, we used acute carbohydrate-fed rats as an experimental animal model . We have reported that a supplementation of glucose or fructose solution as a drinking water for 16 h elevated plasma TG concentration by either overproduction or catabolic defect of VLDL-TG (10, 12) . Therefore we thought that acute hexose fed rats would be a useful object to examine the TG kinetics .
It is well established that plasma TG pool could affect efficiency of TG removal in humans (13) (14) (15) . Unlike humans, little has been known about the pool size effect in rats. To examine this, Intralipidu, an artificial TG emulsion , was infused into normal rats and then TG kinetics were carried out under expanded TG pool .
MATERIALS AND METHODS
Male Wistar rats of body weight 330-360g (Charles River Japan , Tokyo, Japan) were kept in individual cages on a 12-h light/dark cycle . VLDL-TG from chow-fed rats was injected and clearance determined as described above. TGSR was then measured by the triton method 30 min after the end of the tracer method. TG concentration in plasma and VLDL was determined enzymatically using a kit that allowed correction for free glycerol (Boehringer-Yamanouchi, Tokyo).
Statistical analyses were performed by analysis of variance and Student-t test to detect differences for three and two groups of rats, respectively. The Pearson's simple linear regression was used to determine the correlation coefficient of two variables.
RESULTS
Body weight, hexose consumption, and plasma TG concentration for the different treatments are given in Table 1 . Body weight was equal for each group and the intake of either fructose or glucose as a 10% drinking solution was similar for the two hexose groups of rats. Plasma TG concentration was increased in hexose-fed rats: it was about 2 times greater in glucose-fed and 3 times greater in fructose-fed rats than control rats. Most of plasma TG was recovered in a VLDL fraction in all groups; thus hypertriglyceridemia induced by sugar intake was brought about by the increased VLDL-TG concentration.
FCR and TGSR determined by [3H] VLDL-TG (tracer method) or by Triton WR 1339 (non-tracer method) for the different treatments are given in Table 2 . FCR and TGSR determined by the tracer method were 3-4 times higher than that derived by the non-tracer method for chow, glucose, and fructose groups . Despite this large quantitative discrepancy, qualitatively there were some similarities be tween the two different methods. In the glucose-fed rats, FCR was similar to Table 1 . Body weight (BW), sugar intake, and triglyceride concentration in plasma and very low density lipoprotein (VLDL) in control, glucose, and fructose group of rats.
Values represent mean±standard deviation (SD). Control rats had free access to raw chow and water. Glucose and fructose group of rats had chow and either a 10% of glucose or fructose drinking solution for 16 h. *p<0.05, **p<0.01. a chow vs. glucose; b chow vs. fructose; c glucose vs. fructose. controls whereas in fructose-fed rats, the FCR was lower than that in control or glucose-fed rats. Both TG kinetic methods demonstrated a higher TGSR in glucose-fed rats when compared to the control group. However, in fructose-fed rats only the triton study suggested that the hypertriglyceridemia was in part due to an overproduction of TG.
As shown in Fig. 1 , there was a good correlation of TGSR determined by the tracer and the triton method in the control group of rats (r=0.78, p<0.005) despite the substantial difference in the absolute values. However, in contrast, no such relationship could be established for rats receiving glucose or fructose drinking solutions (r=0.18 and 0.26, respectively). Either saline (0.15M NaCI) or Intralipid (0.15mg TG/min/100g body weight (BW)) was infused into control rats at the constant rate of 0.012ml/min. The tracer method was performed 120 min after the beginning of infusion and Triton WR 1339 (600 mg/kg BW) was injected 30 min after the end of the tracer method. Plasma TG concentration at steady state was assumed as the mean TG concentration of 90-, 120-, and 160-min samples after the infusion. Values represent means±SD. *p < 0.05, **p<0.01. Saline infusion vs. Intralipid infusion.
The hypertriglyceridemia exhibited in the carbohydrate-fed rats may have altered the validity of either or both of the TG kinetic methods examined. To study the effect of TG pool size we infused normal rats with Intralipid and measured FCR and TGSR at a constant but elevated concentration of plasma TG. Steady state was achieved 90 min after infusion of Intralipid had begun and was defined as constant if variability was within a 10% flux between 90-160 min. The FCR and TGSR of rats infused with Intralipid or saline alone are given in Table 4 . Intralipid infused at 0.15mg TG/min/100g body weight increased plasma TG concentration ap proximately threefold. FCR calculated by the tracer method was significantly reduced at the elevated plasma TG concentration, but not significantly reduced according to the triton method. TGSR determined using triton (0.33mg/min/100 g body weight) was identical to the sum of endogenous TG secretion (0.15 mg/min/100g) and the rate of exogenous TG infused (0.15mg/min/100g). How ever, TGSR calculated by the tracer method (1.08mg/min/100g) was somewhat higher than the sum of endogenous TG secretion (0.61mg/min/100g) and exoge nous lipid infused (0.15mg/min/100g).
DISCUSSION
The entry rate of TG is frequently determined by Triton WR 1339, which completely blocks hydrolysis of VLDL-TG (3). The subsequent accumulation of plasma TG is considered to reflect the input of newly synthesized VLDL-TG (1, 3, 7, 8, 11, 17) .
In the non-tracer study, FCR could be calculated as TGSR/TG pool (6). On the other hand, clearance of TG can be directly determined by monitoring the decline of the injected radioactive tracer in plasma circulation. Endogenous radiolabeled VLDL-TG with glycerol or free fatty acid is usually chosen as the tracer (4-7, 9, 10, 17) . If the TG concentration remains constant during the TG clearance study, then by definition secretion must equal removal and so TGSR can be determined as FCR multiplied by the plasma TG pool size. Whilst both tracer and non-tracer techniques have been used widely in studying TG kinetics in rats, work from our laboratory and others have experienced difficulties in reconciling data derived by the two methods (6) (7) (8) (9) (10) (11) .
In control rats, TGSR determined by the triton method was approximately 0.15mg/min/100g body weight. TGSR calculated by the tracer kinetics is about 0.5mg/min/100g. The respective values are in good agreement with that published by other laboratories (4, 5, 7 9, 11, 18). Because we measured TGSR in the same rat using both tracer and non-tracer techniques, a big magnitude difference between the two techniques would not be due to the difference of individual animals. A possible explanation for a big difference in the TGSR values may be because Triton WR 1339 does not permit TG hydrolysis, thus recycling and incorporation of fatty acids into the liver would be inhibited, which may reduce the part of hepatic TG release which depends on plasma free fatty acid. Palmer et al. (7) demonstrated that about 80% of newly secreted TG from liver recycles. They suggested that because triton blocks this efflux, TGSR would be underestimated. In contrast, Bird et al. (6) developed a compartmental model for determining FCR and TGSR based on the appearance of radiolabeled TG post radioactive glycerol administration. They showed that the calculated TGSR and FCR were similar to their previous data using Triton WR 1339.Therefore, further study is needed to compare the [3H] VLDL-TG injection method and the direct radioglycerol injection method de scribed by these authors in rats, which has been already examined in humans and a good agreement has been observed (15) .
Despite the large differences in FCR and TGSR calculated by the two techniques, both methods gave qualitatively some similar results. Rats receiving glucose had a higher TGSR than control animals whilst rats receiving fructose had a significantly lower rate of VLDL-TG removal (Table 2 ). In addition, there was a good correlation for estimating TGSR between the two techniques in control rats (Fig. 1) . However, this correlation was not observed in the hexose-induced hyperlipidemic animals. The tracer method suggested that plasma TG concen tration was principally regulated by its rate of removal. This confirms previous work by us and others, in rats (10, 19) . In addition, it appeared that clearance became of greater importance with increasing levels of plasma TG. Alternatively, this suggests that FCR determined by the tracer method is affected by TG pool size. If TG removal system has saturable process in rats, like humans (13) (14) (15) , then expanded plasma TG pool would reduce efficiency of TG removal. On the other hand, the triton experiments demonstrated that plasma TG concentration was more closely correlated with TGSR than with FCR in all groups of rats. This lets us speculate that measurement of TGSR by the triton method has some similarity to measure TG output by the liver perfusion system in which TG concentration in the perfusate is principally regulated by TG secretion from the liver. It has been IN CARBOHYDRATEFED RATS 407 reported that in perfused liver, TG secretion was increased in fructose$ed rats (20) . We obtained the similar result when TGSR was determined by the triton method, but this was not found in the tracer method. The reasons for the conflicting results remain open to speculation, but if pool size (which is expanding as in fructose-fed rats) influences the rate of clearance, TG kinetics determined by the two methods may differ from each other. Because the triton-administrated animal represents one of an absolute catabolic defect, the pool size effect may not be reflected in this TG kinetics. In spite of the conflicting results about TGSR, the triton study also suggested that the catabolism of TG was impaired in fructose-fed rats because these rats had a relatively small TGSR corresponding to their remarkably elevated plasma TG concentrations (Fig. 2) .
To examine whether clearance of VLDL-TG could be impeded due to an expanded TG pool in rats, we elevated the plasma TG levels in normal rats by infusing Intralipid and determined FCR and TGSR using both the tracer and non-tracer techniques. FCR derived by the tracer technique decreased as a result of the increased TG pool size. Kissebah et al. (15) infused humans with intralipid and observed the similar result. These experiments suggest that TG removal is saturable in rats as well as humans. In the present study, TGSR was increased in proportion to the rate of Intralipid-TG infusion in spite of lowering FCR. Plasma TG concentration plateaued at approximately 250mg/dl yet TG remained to be cleared in the first-order kinetics. These kinetical profiles demonstrate that to saturate TG removal, the concentration of plasma TG must exceed 250mg/dl. The new TG steady state obtained (250mg/dl) was significantly higher than the plasma concentration in fructose-fed rats, suggesting that the TG removal system in these animals is not saturated. Therefore the low FCR in these rats may not be exclusively due to the pool size effect, but in part due to an absolute defect of TG catabolism. With the triton method, TGSR was also increased in proportion to the exogenous lipid infused. However, there was no significant corresponding reduc tion in FCR. This may support the hypothesis that the pool size effect may not be involved in the triton method as described above. TGSR determined by the tracer method was somewhat higher than the sum of endogenous and exogenous TG entry. This could be explained that free fatty acids would increase after intralipid infusion and endogenous TG production may be stimulated by the increment of the fatty acids efflux. On the other hand, free fatty acids derived from Intralipid-TG would be reduced after administration of Triton WR 1339 because the triton suppresses the hydrolysis of the infused TG emulsion completely (21) .
In conclusion, the common methods used for determining TGSR and clear ance have been compared in normal and carbohydrate-induced hypertriglycer idemic rats. Both the tracer and the non-tracer methods suggested that overpro duction of VLDL-TG in glucose-fed rats and an impaired VLDL-TG catabolism in fructose-fed rats were the primary contributing factor to the hypertriglyceridemia respectively. The major difference between the two techniques which remains to be resolved is the substantially different quantitative values of TGSR derived.
